Fragrance compounds emitted during and after the use of cleaning products in an office were monitored. Mopping the floor with a general purpose cleaner and a domestic bleach and cleaning the windows with an aerosol glass cleaner, as well as a combination of these cleaning activities, were carried out. The following compounds were found in detectable amounts: d-limonene, α-pinene, α-terpineol, 2-butoxyethanol, 1,3,5-trimethylbenzene, eucalyptol, tetrahydrolinalool and diphenyl ether.
INTRODUCTION
Cleaning products contain numerous chemicals that can be released in the indoor atmosphere during and after a cleaning activity (Wolkoff et al., 1998; Nørgaard et al., 2014) . Fragrances that have been added during the manufacturing process of the cleaning products either deliver a scent in the air or mask the unpleasant odour of the product. We have analysed qualitatively the fragrance content of several detergents by gas chromatography coupled with mass spectrometry (GC/MS) (Zarogianni et al., 2017) . It was found that non-green household cleaning products as well as green ones (certified with EU Ecolabel) contain numerous fragrances. Some of these compounds common in both products (e.g., lauryl alcohol).
Fragrances, like terpenes or terpene alcohols, react with O 3 , OH and NO 3 producing several by-products through gas-phase reactions or reactions on surfaces (Nazaroff and Weschler, 2004; Ham and Wells, 2011; Rösch et al., 2017) . Some of the primary or secondary products of such reactions are low-volatility species that can condense on existing aerosols or self-nucleate, thus generating secondary organic aerosol (SOA). The role of monoterpenes on the formation of secondary atmospheric pollutants is extensively reviewed by Mihucz and Záray (2016) . There is a growing concern about the human exposure to fragrances and/or their by-products like SOA, because they may be deleterious to human health (Mihucz and Záray, 2016) . Recently, Nørgaard et al. (2014) reported that the replacement of the regular floor cleaning agent with a lower emitting TVOC, resulted in substantially lower concentrations of limonene and formaldehyde in the indoor atmosphere of four European offices. Also, Steinemann (2016) has suggested that fragranced cleaning products are a primary source of indoor air pollutants and personal exposure.
Indoor cleaning activities emit particles, as well as forming particles via gas-phase reactions. The size and the chemical composition of the emitted or generated aerosol depends on the chemical composition and the type of the cleaning product (e.g., liquid or spray), the type of the surfaces that have to be cleaned and the product application procedure (e.g., wet or dry cleaning) (Abt et al., 2000; Smedje and Norbäck, 2001; Vu et al., 2017) . The latter, Vu et al. (2017) , have monitored PM number concentrations in an apartment located in the suburban background of Prague, Czech Republic, under realistic conditions like in the present work. During the kitchen desk cleaning with the application of a foam containing organic compounds, they observed the generation of ultrafine particles with a maximum concentration of 1.25 × 10 5 particle cm -3 and a peak number mode of 30.6 nm. This PM number concentration was observed to decrease rapidly due to coagulation and deposition processes after the termination of the cleaning activity. Furthermore, they reported that cleaning with chemical cleaners generated both ultrafine and coarse particles. The average PM 1.0 , PM 2.5 and PM 10 mass concentration (estimated from the merged size distribution from two instruments and effective density) during cleaning activity were 2.5, 10.4 and 22.0 µg m -3 , respectively. Rossignol et al. (2013) have monitored the indoor PM number and mass concentrations in the "MARIA" experimental house during the application of cleaning products, under real conditions. They have reported an initial (when the product was applied) increase of PM mass concentrations, which reached 25.6 µg m -3 and corresponded to primary, mainly coarse, PM emissions. Later, after 15 min, SOA were formed, displaying a mode at 25 nm. In a European project, the "OFFICAIR", a reference dataset for indoor concentrations of several indoor air pollutants, including α-pinene, d-limonene and PM 2.5 , is provided for "modern" mechanically-ventilated office buildings in 8 European countries . The concentrations of α-pinene and d-limonene were found to be higher than those reported in similar studies. Indoor concentrations of PM 2.5 in the offices have been found to be high when compared to the 24-h (25 µg m -3
) and annual (10 µg m -3 ) ambient air quality guidelines for PM 2.5 suggested by the World Health Organization (WHO, 2006) .
Exposure to PM is related to poor health (cardiovascular disease, adverse birth outcomes, neurological and cognitive disorders), as well as premature mortality (Butler et al., 2016; Giannadaki et al., 2016; Long and Valberg, 2017; Soppa et al., 2017) . Furthermore, Boulanger et al. (2017) evaluated the socio-economic costs of indoor air pollution in France. Among the six selected indoor atmospheric pollutants related to health effects, particles contributed the most to the total cost (75%). Air quality guidelines refer to PM mass concentration, but the size distribution and the PM number concentrations are critical parameters to trace indoor PM sources and their possible health effects (Strak et al., 2012; Vu et al., 2017) .
The present work aims to explore the concentration burden of the fragrances and of the PM in the indoor air of an office that is subjected to common cleaning activities using scented cleaning products.
METHODS
Two common cleaning tasks were carried out in an office during June 2014 (3-23 June): floor cleaning (dipping the mop into a bucket filled either with water or with a cleaning solution) and window cleaning. The products that were applied were among the most popular products used in Greek households and they were: a General Purpose Cleaner (GPC), a Domestic Bleach (DB) and a Glass Cleaner (GC) spray. All of them are fragranced and on the label of the GPC is written "lavender", of the DB "lemon" and on the GC only the word "perfume".
Firstly, the office was mopped up only with water for 10 min. In the following days, five cleaning tasks were performed. The first task was an 8-min mopping of 6 m 2 surface of the floor with a dilution of the GPC (56 ml of the GPC in a bucket containing 5 L of tap water, following the instructions on the label of the product). The second task was the cleaning of the three windows for a 15-min period with the GC, by spraying the product about 20 cm away from the glass and the latter wiped with a paper towel. The third task was an 8-min mopping of 6 m 2 surface of the floor with a dilution of the DBC (150 mL of the GPC in a bucket containing 5 L of tap water, according to the product's instructions). The fourth was a combined application of GPC and GC and finally, the fifth was a combined application of DB and GC.
The office is naturally ventilated and the floor has plastic tiles and no carpeting. Windows and the door were kept closed during the experiments and they were opened for two hours in the evening.
Active sampling of fragrances was combined with the online monitoring of indoor and outdoor PM size distribution and number concentrations of particles with aerodynamic diameter from 0.20 µm to 10 µm (Promo 2000 particle, Palas GmbH, Germany). Also, indoor and outdoor CO 2 concentrations (Gas Card II, infrared gas monitor, Edinburgh Sensors, UK), as well as indoor temperature, relative humidity, air velocity and light intensity (Casella CEL Ltd., UK) were monitored.
The office layout, the air sampling of fragrances, the methods for fragrance quantification and the detection limit of the each identified compound, as well as the air exchange rate calculation can be found in the supplementary material.
RESULTS AND DISCUSSION

Fragrance Concentrations
The fragrances detected in the atmosphere of the office during and after the cleaning tasks are summarized in the Table 1 . α-pinene was the most frequently occurring fragrance in the air samples and 1,3,5-trimethylbenzene (1,3,5-TMB) was second in frequency of occurrence. Dlimonene had the largest atmospheric concentrations followed by α-pinene. Both terpenes are very popular ingredients in consumer products worldwide. Note, that none of them was detected in the atmosphere of the office before the experiments and none of them was recorded on the label of the tested products. Fig. 1 presents an example of the time-variation of the concentrations of two fragrances during four cleaning events (their limits of detection can be found in the supplementary material). Mopping with a GPC in combination with the cleaning of the windows by spraying with a GC, added to the indoor air the maximum number of fragrances. The 18.32 * GPC = General-purpose cleaner; DB = Domestic bleach; GC = Glass cleaner (spray). ** nd = not detected. detected fragrance concentrations decayed after each cleaning task. The decay rate of the emitted fragrances depended on their initial concentration found in the room during the product application, their individual chemical characteristics and the air exchange rate of the room. Some of them, such as eucalyptol, were not detected in the indoor atmosphere in a half hour or in an hour after cleaning. Others, like α-pinene or d-limonene with much higher initial concentrations, decayed much slower than eucalyptol and they were traced in the air at least for five hours after the cleaning task.
During the sampling period the weather was very hot and sunny. Indoor temperature hourly values ranged between 29.1°C and 40.4°C and the indoor RH between 22.0% and 43.8%. The luminance, when the blinds of the windows were open, was up to 12,000 lux. Under these conditions, evaporation of fragrances was favored and the chemical reactions were accelerated. The air exchange rate of the room varied between 0.12 h -1 to 1.16 h -1 (average 0.43 h -1 ). SOA formation rate from O 3 -limonene or O 3 -α-pinene reactions was calculated to be higher than the air exchange rate (see calculations in the supplementary material, lines 94-109). Thus SOA were probably generated by oxidation and condensation of the released terpenes during the cleaning activity (Nørgaard et al., 2014) . However, the production of nano and/or ultrafine particles was not possible to be traced due to the limitation of the instrumentation used in the present work (Vu et al., 2017) .
PM Number Concentrations, Size Distributions and I/O Ratios
Depicted in Fig. 2 is the variation of the fine PM, i.e., PM 0.2-1.0 (particulate matter with a diameter between 0.2 µm-1.0 µm), during the experiment. Particles in these sizes may be more deleterious to human health than the larger in diameter particles. Their study necessitated the split in two size ranges with a cut-off point at 0.4 µm because it was observed that the time variation of the PM concentrations was similar for particles than belong to size ranges smaller than 0.4 µm in diameter and for PM in size ranges larger than 0.4 µm. Hence, Figs arriving in the yard and in the building itself indoor activities were almost absent. On 15 June 2014, from 10:04 till 10:14, a researcher cleaned two windows and for the next 6 minutes the floor was mopped with water and bleach. The simultaneous indoor CO 2 concentration measurements helped (along with the diary of the experiment) to relate the increase of the indoor PM concentrations with the presence of one person which conducted the cleaning activities.
All measured PM size ranges were affected by the cleaning activities, but mostly affected were the PM larger than 0.4 µm in diameter. On average, during all the cleaning events, the PM number concentrations increase, compared with their preceding values (half an hour average values, just before the start of the cleaning), by 10% to 1270%. The larger the particle diameter, the bigger was the observed increase. The walking-induced particle resuspension or direct skin shedding was a minor indoor PM source compared with the cleaning activities. In Fig. 3 , the I/O PM number concentration ratios are compared between the different cleaning events. The mopping up with water plus a detergent removed better the coarse PM (above 1.0 µm) compared with mopping up only with water ( Fig. 3(a) ). In the case of the cleaning of the windows, separately or combined with mopping up the floor, the maximum I/O ratios shows a shift to larger particle diameters and the ratios for PM above 0.7 µm in diameter were almost double than when only the floor was mopped up.
Indoor and outdoor PM mass concentrations were calculated using an average particle density of 1.7 g cm -3 (Hussein et al., 2015; Vu et al., 2017) . Outdoor of the office, the PM 0.2-2 and PM 0. Vu et al. (2017) and Rossignol et al. (2013) during cleaning activities.
CONCLUSIONS
Office cleaning aims to provide a level of indoor air quality that promotes health and productivity. However, the activities of cleaning and refreshing are not necessarily related to clean air. Common cleaning practices, such as mopping the floor and spraying windows with a glass cleaner, burden the air with fragrances and aerosol. Based on the decay rates observed in the present work for fragrances and aerosol, cleaning should be finished at least five hours before people enter the room. The selection of cleaning products is also important, as some ingredients promote the subsequent formation of oxygenated products (Ham and Wells, 2011) . Although in the present work it was not feasible to monitor SOA formation or reactions on indoor surfaces, in cases where α-terpineol was present, the maximum aerosol concentrations were observed. These results are in agreement with the work of Ham and Wells, 2011. Experimentally examined best cleaning practices and carefully selected cleaning products will minimize the burden of air pollutants.
